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Figure 1 Combustor with Arrays and Modules 
The extreme operating conditions imposed on tur-
bine engine combustors require new approaches to 
combustor design. One such approach is a combustor 
composed of arrays of independently burning mod-
ules. A combustor consisting of such an array of 48 
modules, Figure 1, has been experimentally evaluated. 
The combustor produced uniform circumferential 
and radial combustor exit temperature profiles and 
high combustion efficiency at high temperature loads. 
Combustors consisting of an array of swirl-can mod-
ules offer the following advantages: 
1. Durability by having no diluent air entry ports in 
combustor liners, thus eliminating stress concentra-
tion points. 
2. Combustor exit temperature profile adjustments 
by controlling fuel flow to individual modules.
3. Nozzle fouling alleviated by the low pressure fuel 
system with large flow passages and control ori-
fices located away from the combustion zone. 
4. Smoke reduction by the premixing of fuel and air 
by the abundance of air available at all stages of 
the burning process. 
Combustors of this type also have the potential for 
short overall lengths and low overall pressure loss. 
Each swirl-can module consists of an inlet section 
which serves as a carburetor, followed by a swirler and 
a divergent conical combustor can, as shown in Figure 
2. In operation, primary combustion air enters the car-
buretor and mixes with fuel. The fuel-air mixture 
passes through the swirler and burns in the combustor 
can. Secondary combustion air flows axially past the 
swirl-can module, recirculates in the wake, and corn-
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pletes the combustion reaction. The mixing of diluent 
air and combustion products occurs through recircula-
tion and eddy diffusion. 
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Figure 2 Swirl-Can Module Layout 
Combustion tests were conducted at inlet air tem-
peratures of 600°F and 1150°F, a pressure of 3 atmos-
pheres, and combustor reference velocities up to 180 
feet per second. Combustion efficiencies were 100% at 
combustor exit temperatures near 2200°F. Overall 
pressure loss (including diffuser loss) was 6% at a dif -
fuser inlet Mach number of 0.25 and a combustor exit-
to-inlet temperature ratio of 2.5. Good circumferential 
and radial combustor exit temperature distributions 
were obtained.
In addition to high performance turbojets for air-
craft, these combustors may be applicable to indus-
trial gas turbine engines, or for applications where 
heat release rates of 6 x 10 6 Btu/cu ft-hr-atm, or 
higher, are required. 
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